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Potentially one of the most important determinants of regional economic growth and 
convergence is human capital, although due to a lack of data this factor is frequently omitted 
from econometric studies. In contrast, this paper constructs three measures of human capital at 
the NUTS III regional level for Portugal for the period 1991-2008 and then includes these 
variables in regional growth regressions. The results show that both secondary and higher 
levels of education have a significant positive effect on regional growth rates which may be 
regarded as supportive of Portuguese education policy, which over the last three decades has 
attempted to raise the regional human capital by locating higher education institutions across 
the country. 
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The impact of human capital on economic growth is now well-established in the theoretical 
literature, where it is either considered as an input in the extended neoclassical production 
function, as in Mankiw et al. (1992) and Lucas (1988), or alternatively, as a determinant of 
technological progress in line with the seminal work of Nelson and Phelps (1966) and subsequent 
endogenous growth models that focus on the role of human capital in the adoption of new 
technologies (Benhabib and Spiegel, 1994) and innovation (Romer, 1990). Benhabib and Spiegel 
(2005) modify the Nelson and Phelps hypothesis that human capital speeds up the technological 
diffusion by enhancing a country’s ability to adopt and implement new technologies, arguing that 
the technological catch-up mechanism only works with a critical level of human capital. On an 
empirical level, however, it is not only difficult to ascertain as to whether such a critical level of 
human capital prevails, but to measure the level of human capital itself. For some regions and 
countries no such series exists and where a human capital series does exist, it is usually measured 
by average years of schooling, thereby ignoring all human capital gained by learning-by-doing 
and other categories such as training and health (Wößmann, 2003). It follows therefore, that most 
of the literature on the effects of human capital on economic growth, use the level of education as 
a proxy for human capital and are either cross-section or panel data studies which include large 
samples of countries (Krueger and Lindahl, 2001; de la Fuente and Doménech, 2006; Cohen and 
Soto, 2007), but despite alternative model specifications and estimation methods, the results 
remain unclear (Temple, 2001a).  
  This paper follows the precedent of using level of education proxies to measure human capital, 
but contributes to the existing literature by developing three new, alternative measures of human 
capital for Portuguese NUTS III regions, according to the level of education attained. The 
computation of these series on Portuguese human capital allows, for the first time, an 
examination of the impact of human capital on regional economic growth and the effect on the 
speed of GDP per capita convergence of the Portuguese NUT III regions over the period 1991-
2008. Regional growth is important because in1990 Portugal was one of the poorest members of 
the EU15, with income per capita around 70% of the European average and with 13% of the 
population aged 15 and over without any schooling (Barro and Lee, 2010). Although there have 
been some improvements, during the period under study, significant regional disparities persist 
and only the capital region (Lisbon) has overcome the 75% threshold of average European  
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income per capita. The ratio between Lisbon and the poorest region was always higher in terms 
of income per capita than in education levels (3.6 against 1.5 in 1991, and 2.77 against 1.36 in 
2008). It is therefore important to investigate the contribution of human capital to the reduction of 
the regional income per capita disparities.    
Our results suggest that the human capital stock, as proxied by the average years of schooling, 
plays a positive and significant role in Portuguese regional growth. There is also evidence of a 
positive and significant role of both secondary and tertiary education, while primary level 
education, as expected, has a negative impact. These results contrast with those of Pereira and St. 
Aubyin (2009) on Portugal at the national level for the period 1960-2001, who found  a positive 
impact of primary education on growth and no effect of higher education on growth.   
The paper is structured as follows. Section 2 explains the methodology used to compute the 
three human capital series for Portugal, before presenting a shift-share analysis of the 
components of regional growth in Portugal over the sample period from 1991 to 2008. Section 3 
outlines the growth model and the econometric methodology used to test it and Section 4 presents 
the β-convergence results. Section 5 concludes.  
 
2  The Human Capital Series and Regional Data Profile  
2.1 Human  capital   
The human capital series needed to be estimated because they are not available from any 
published public source at the NUTS III level of regional disaggregation. The raw data was taken 
from Quadros de Pessoal (Personnel Records), a dataset that is compiled from an annual 
compulsory questionnaire that every firm (except family business without employees) must 
answer and it is supplied by the Strategic and Planning Office (GEP) of the Portuguese Ministry 
of Labour and Social Solidarity (MTSS). The data provided by this institution are the number of 
workers in each region according to their level of education qualifications. The data is available 
on an annual basis for the period 1991-2008, except for 2001, which generates a panel data set 
with 30 NUTS III level regions.  
The dataset excludes public sector workers and the self-employed. As the public sector is one 
of the main employers of skilled labour, the series obtained for education proxies may therefore 
tend to under-estimate the total human capital stock. The exclusion of public employment from 
the estimation of the human capital series is, however, not considered to be a problem because  
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the inclusion of the public sector may produce a distortion in the results as education enhances 
growth only when allocated to innovative sectors (Di Liberto, 2007). Indeed, Di Liberto removed 
data on the public sector from the human capital indicators for Spain and estimated the average 
years of schooling solely for the private sector. This work shows that the coefficients do not 
change significantly in comparison with the values obtained when both public and private sector 
are considered.  
In order to obtain the average years of schooling in each region for Portugal, the level of 
education provided by GEP/MTSS was converted in schooling years, as shown in Table 1. Some 
of the workers qualifications are unknown because the respective employer did not answer this 
particular question. This number of workers varies across regions and years, from a maximum of 
about 9% of the total workers in the region of Alto-Tras-os-Montes in 1993, to a minimum in the 
region of Madeira of 0.15% in 1998. According to this, what is actually estimated for each region 
is the average years of schooling of the workers for whom the qualification levels are known. 
Since the 12
th year in secondary school was introduced in the academic year 1977-1978, 12 years 
of education are deemed necessary to complete the secondary school level.  
There are also a number of workers whose number of years of schooling is zero or less than 
four, who have therefore not completed primary education, the first identified category. These 
workers are deemed to have zero years of education and are excluded from the sample. Before 
the Bologna process, which started to be implemented in the academic year 2006-2007, the 
Portuguese higher education system included two degrees: a short (3 years) and more practical 
degree called bacharelato which is the OECD “Tertiary-type B” level and the longer   
licenciatura (5 years on average) that is equivalent to the OECD “Tertiary-type A”. For the most 
recent years, 2006-2008, three other qualification levels are considered in the data related to 
tertiary education: the postsecondary professional training and the postgraduate degrees of Master 
and PhD.  
 Both the average years of schooling and the average years by educational level (primary, 
secondary and tertiary) were calculated. The average years of schooling (AvEdu) in each region 
for the several years was calculated according to the formula:   
E
E E E E E E E E E
AvEdu
9 8 7 6 5 4 3 2 1 23 19 17 15 13 12 9 6 4 + + + + + + + +
=             (1) 
where  j E  is the number of employees whose highest level of completed education is j, which  
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varies from 1 to 9 according to Table 1 and the numbers, 4, 6, 9, 12, 13, 15, 17, 19 and 23 relate 
to the number of years of schooling in each category also shown in Table 1. E is the total number 
of employees for which the qualification level is known. The same methodology is used to 
decompose the average years of schooling into three different average schooling levels; namely, 






=                                     (2)  
 




=          (3) 
 
E
E E E E E
AvTer
9 8 7 6 5 23 19 17 15 13 + + + +
=  (4) 
As the education level of the total employees increase, the average years of primary schooling 
declines. The number of workers in new categories (E5, E8, E9) is only available and therefore 
considered in the computation for the most recent years, 2006-2008. 
Tables A1, A2 and A3 in the appendix show the calculations for each of the Portuguese NUTS 
III regions. The average years of schooling increased in all the regions over the period 1991-
2008. Although there are some changes in the relative positions the main features remain: the 
highest levels of human capital are concentrated in the regions of the capital, Grande Lisboa, and 
Grande Porto. As with GDP per capita, the regions at the top tend to be located on the coast. The 
poorest regions are also the ones that show lower education levels, the poorest region, Tamega, is 
also at the bottom of the human capital ranking. In many cases a better position in human capital 
does not mean higher GDP per capita. For example, according to the human capital ranking the 
region of Península de Setúbal was ranked 5
th in 1991 and became the 4
th –ranked region in 2008, 
but in contrast its position in terms of GDP per capita was 10
th in 1991 and 19
th in 2008; that is, 
its relative position improved in terms of education levels, but deteriorated in economic terms. 
Alentejo Litoral was one of the top five richest regions over the period, but in terms of education 
its position was 20
th. Alto-Tras-os-Montes was among the poorest regions in terms of income per 
capita, but the respective human capital level improved significantly (from 16
th in 1991 to 5
th in 




2.2  Regional Data and Profiles  
GDP data is obtained from the Regional Accounts INE (Statistics Portugal Office) and is reported  
in nominal terms. Before 1995 the GDP values are in the national currency, Escudos. In order to 
convert the values into Euros, the exchange rate as of 31 December 1998, was applied 
retrospectively, the date that Portugal joined the monetary union (1 Euro=200.482 Escudos). 
GDP real values were then obtained using the GDP deflator with 2000 as the base year. The same 
source also supplies data on the contribution of each sector (primary, secondary and tertiary) to 
each region total Gross Value Added (GVA).  
Table 2 presents a summary of the regional data in terms of GDP per capita and the production 
structure according to the main economic sectors (agriculture, industry and services) and 
complements the Tables in appendix. The regions are ranked according to GDP per capita level 
in 1991, from the richest to the poorest region. Over the period 1991-2008 the capital region, 
Grande Lisboa, was always the richest.  
The richest regions are all located on the coast. Though there is a certain persistency over 
time, with the poorest regions remaining the same, there are some examples of mobility, like 
Madeira that jumps from the 17
th in 1991 to 3
rd richest in 2008 as a result of the tourism boom. 
The capital region, Grande Lisboa, is the richest over the period in terms of GDP per capita. 
There is a decline of the second city region (Grande Porto) which at the end of the period moved 
to the 5
th position in the GDP per capita ranking. 
The production structure has changed across the country over the period. There was a decrease 
of the contribution of agriculture and industry to total GDP compensated by a significant increase 
in the weight of services. Comparing the richest with the poorest regions, the share of the tertiary 
sector is very high, above the national average. Alentejo Litoral is an exception, in this region the 
secondary sector is the main contribution to total Gross Value Added. It dominates the 
Portuguese energy industry (electricity and petrol refineries). In the poorest regions the industrial 
activity tend to be concentrated in low added value sectors such as the textiles, leather, foot, 
clothing and wood and cork products. Two of the richest regions, Algarve and Madeira, where a 
strong tourism sector have developed. The significant improvement of the latter is the result of a 
significant investment in very high quality tourism segment. The weight of industry in the second 
city region, Grande Porto, was always very high in national terms over the sample period.  
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2.3 Shift-Share  Analysis 
In order to have a better perspective of the regional growth a shift-share analysis was applied, 
which allows the decomposition of the deviation of a region’s output growth rate from the 
national average into two components: regional (or competitive) and sectoral (or structural). 
These are respectively the first and second term on the right-hand-side of the following identity:  
∑∑
==





) 1 ( ) 1 ( ) 1 ( ) ( ) (
jj
PTj t PTj t ij t ij PTjt ijt PTt it gr s s s gr gr gr gr
                                              (5) 
where gr stands for the Gross Added Value (GAV) growth rate and the subscripts are: i denotes 
the region, PT stands for Portugal,  j represents the sector and t is time subscript. s is the share of 
the sector j in the total GVA of the region i (sij) or at the national level.  
A positive sectoral effect means that the region exhibits a better performance compared to the 
country due to a specialization in sectors that exhibit a growth rate above the average. On the 
other hand, a positive regional effect suggests that the sectors themselves are more dynamic in 
this particular region comparing their performance with the rest of the country.  
Figure 1 to 4 exhibits the results of this decomposition for the NUTS III regions. They are 
organized according to the respective NUTS II level, except the last graph that includes all the 
remaining NUTS III regions. The whole country annual growth rate over the period was 2.5%.  
In most cases, the regional effect on growth is positive, as depicted by a bar above the zero 
line. On the other hand, the structural impact tends to be negative, but with some exceptions 
including Grande Lisboa, Algarve, Madeira, Baixo Mondego, Beira Interior Norte and Grande 
Porto.  Douro  exhibits  the  highest  negative  deviation  from  the  national  average  growth  rate           
(-1.50%) due to a significant loss of regional competitiveness reinforced by a negative sectoral 
effect. In contrast, Madeira is the most dynamic region over the period, with the highest positive 
deviation from the national growth average growth rate (3.09%) caused mainly by the regional 
effect, but reinforced by the sectoral change as well. Among the poorest regions at 1991, only 
Tamega exhibits a positive deviation from the national average growth rate as a result of a strong 
positive regional effect that more than compensates the negative impact of its production 
structure. Overall there is little evidence of catching-up in this sub-group of regions because for 





3  The Model and Methods 
3.1 The Model 
The model is the standard human capital augmented Solow model, where the production function 
is written as: 
  y kh
α γ = %  (6) 
with  / yy A = %  and where A is exogenous technical progress, y is output per head and k and h are 
physical and human capital per head, respectively. The dynamics of the capital stock are given 
by: 
  () ks y n g k δ =−+ + &  (7) 
which in the steady-state can be written as: 
 
* /( ) ks y n g δ = ++  (8) 
where  s  is the (savings) investment rate, n is the population growth rate,  g  is labour-
augmenting technological progress and δ is the rate of physical capital depreciation. Substituting 
into the production function and taking logs gives the steady-state level of income per head: 
 
* ln ln ln ln( ) ln
11 1




=+ − + + +
−− −
 (9) 
where steady-state income per head (y*) depends upon both the rate of savings and the level of 
human capital.  
This steady-state level of income per capita for the ith region can be substituted into the 
Barro and Sala-i-Martin (1992), convergence regression to give the standard convergence 
equation (see, Islam 1995 and Caselli et al. 1995) which is written as:   
123
ln ln
ln ln( ) ln( ) ln( )
it it
it it it it i it
yy
ys h n g v
τ





=+ ++ + + + +                        (10)  
where  ) 1 (
λτ β
− − − = e ,  λ is the convergence coefficient,  y is real GDP per capita,  i η is the 
individual regional specific effect, which implicitly includes the initial physical capital stock and 
technical progress and  it v  is the idiosyncratic error term. If there is conditional β-convergence 
among a set of regions when the regression of the growth rate on the initial income level, holding 
constant a number of additional variables, thenβ  < 0.    
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In order to control for the business cycle most convergence studies work with five-year 
averages in GDP per capita, but in this study this is not feasible because of the relatively short 
time span of the data. Therefore the business cycle is controlled for by measuring GDP per capita 
as relative to the GDP per capita of the richest region, Grande Lisboa (L), and so  it y  is measured 
as = it y / it Lt GDPpc GDPpc . As Grande Lisboa is the richest region in every year, an increase in 
the ratio always indicates a reduction of the gap between each region iand the capital region
3. 
The dependent variable is the change of this ratio, which indicates the improvement relative to 
the richest region and its lag is one of the explanatory variables, where τ is equal to 1. 
Since there is no data available for investment at this level of regional disaggregation, the rate 
of physical capital accumulation cannot be included. If the level of human capital (h) is proxied 
by the average years of schooling, then the respective coefficient indicates the improvement in 
the relative GDP per capita of a region as a result of an additional year of schooling.  
As a result of these changes the convergence equation becomes:  
11 2 3 ln( ) ln( ) it o it it it i it yyh n g v φ φφ φ δ η − ∆=+ + + ++++                                            (11) 
A negative  1 φ  coefficient indicates convergence in the sense that the further a region is initially 
from the richest region, the higher will be the reduction of the GDP per capita gap. The impact of 
human capital level ( 2 φ ) is expected to be positively significant because it enhances the region’s 
ability to adopt and implement new technologies (Nelson and Phelps, 1966) or to innovate 
(Romer, 1990). This coefficient indicates the improvement in the relative GDP per capita of a 
region as a result of an additional schooling year. As with Mankiw et al. (1992) the sum ) ( δ + g is 
assumed to be constant at 0.05 and  0 3 < φ . 
3.2 Estimation  Methods   
The Generalized Method of Moments (GMM) are regarded as the most appropriate estimators for 
convergence equations. GMM is an instrumental variables method and two types of GMM have 
been developed: the Difference GMM (DGMM) by Arellano and Bond (1991) and the Systems 
GMM (SGMM) due to Arellano and Bover (1995) and Blundell and Bond (1998). The DGMM 
applies first differences to the growth equation in order to remove the unobserved time-invariant 
                                                           
3  Strictly this assumes that regional cycles are fully synchronised, but since a time trend is included in the estimated  
regressions then in effect allowance is also made for more general time-related movements in relative output growth.   
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individual-specific effect and then uses the lagged levels dated t-2 and earlier, as instruments for 
the equation in the first differences. This procedure has the advantage of addressing the reverse 
causality problem (Easterly, 2005), a common problem in these types of studies, since education 
decisions themselves might be affected by growth or expected growth. This problem, however, is 
reduced when human capital is introduced as a stock and "it is rather unlikely that reverse 
causation explains the panel data findings" [Temple (2001b), p.77].  
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Z                  ( 1 2 )  
In which the rows correspond to the first-differenced equations for periods t=3,4,…,T for each 
individual unit i and exploit the moment conditions: 




i i v Z E  for i=1,2, …N, where  ) ,... , , ( 5 4 3 ′ ∆ ∆ ∆ ∆ = ∆ iT i i i i v v v v v .        (13) 
The SGMM combines equations in first differences, for which the instrumental variables will be 
the lagged levels, with equations in levels. For this last set of equations, the lagged first-
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Z                             (14) 
The levels of  it y  are necessarily correlated with the individual-specific effects ( i η ) but  it y ∆  are 
not correlated with  i η [ () 0 = ∆ it i y E η ] and this allows lagged first-differences to be used as 






⎛ ′ + +
i i u Z E
         
where  () ′ ∆ ∆ ∆ =
+
iT i i iT i i i u u u v v v u ,... ,..., , 4 , 3 , 4 3 .          (15) 
Bond et al. (2001) show that when the times series are persistent the lagged levels are poor 
instruments for the first-differenced variables in the sense that the lagged levels of the variables  
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are weakly correlated with the subsequent first-differences. Blundell and Bond (1998, 2000) have 
demonstrated that in this case the DGMM estimator suffers from a downwards bias, in particular 
when the number of time periods is small. Under these conditions the SGMM has superior finite 
sample properties in terms of bias and root mean squared errors [Bond et al. (2001), Bun and 
Windmeijer (2010)].  
The GMM estimators’ consistency depends on two main assumptions, no second-order serial 
correlation and instrument validity. Second-order serial correlation can be tested by the Arellano 
and Bond (1991) test with the null of no serial correlation. Instrument validity might be tested 
through the Hansen test of over-identifying restrictions, which takes the absence of correlation 
between instruments and errors as the null hypothesis, so if the null is rejected the instruments are 
not valid. Although the Hansen test is robust, it can be weakened by too many instruments, so 
Roodman (2008) proposed reducing the number of instruments by combining them into smaller 
sets through addition, which is referred to as the “collapse option.” In terms of equations (12) and 
(14) this technique squeezes the instruments matrix horizontally by adding together previously 
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Both GMM one-step and two-step procedures are applied. The first assumes errors to be 
independent and identically distributed while the second allows the errors heteroscedasticity. The 
Stata command for the two-steps estimator includes the Windmeijer (2005) correction that makes 
the estimator more efficient in comparison with the first-step GMM, especially for the SGMM 
(Roodman, 2006).  
 
4   Results  
In the estimation of equation (11), time dummies are also added in order to control for 
technological shocks. The F-test confirms their significance at the conventional levels (1% or 
5%) for all equations. Relative GDP per capita was considered predetermined and the other  
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explanatory variables - human capital and population growth rate - as potentially endogenous. 
Although SGMM is preferred to DGMM, results using both methods are reported to show that 
the effects of human capital on regional growth are consistent among the GMM estimators. The 
OLS and the fixed-effects (FE) results are also reported since they constitute a “bounds test of 
small sample biases” [Brülhart and Mathys (2008), pp. 355]. Bond et al. (2001) have 
demonstrated that the coefficient of lagged GDP per capita is biased upwards in the OLS 
estimates and downwards in the fixed effects, therefore a non-biased SGMM coefficient lies 
between them. The results from all the GMM regressions exhibit no second-order serial 
correlation (at the conventional levels of significance) according to the Arellano-Bond test and 
the Hansen test confirms the validity of the instruments, as reported in Tables 3 to 6.  
Table 3 reports the convergence results using the average level of education measure of human 
capital. The coefficient of the lagged GDP per capita is significant and shows the expected 
negative sign, which is evidence of conditional convergence among the Portuguese regions in the 
sense that the further is a region from the richest region (Grande Lisboa) initially, the higher will 
be the increase in the relative GDP per capita. The speed of convergence, which can be assessed 
by the size, in absolute terms, of the lagged relative GDP per capita coefficient, is higher when 
the DGMM is used (about -0.22) than when SGMM is applied (about -0.15). The latter lies 
between the OLS and the fixed-effects estimates which suggests no small sample bias. The 
average years of schooling plays a positive and significant role in the convergence process across 
all the estimators with a coefficient of 0.08 according to the SGMM results.  
Table 4 reports the results with primary education as the measure of human capital. Primary 
education’s contribution to regional convergence is negative as expected. This is because a 
decrease in the average primary schooling years is associated with an increase in the number of 
employees with higher levels of education which have a positive effect on regional growth as 
Tables 5 and 6 demonstrate.  
There is evidence in Table 5 of a positive and significant impact of secondary education and in 
Table 6 of a positive and significant impact of tertiary education on the evolution of the relative 
regional GDP per capita. This result is robust to different GMM estimators. Comparing the 
respective coefficients, the effect on relative GDP per capita of an additional secondary school 
year is higher than the impact of an extra year in the higher education average. This might be 
linked with the fact that the level of development of the majority of the Portuguese regions are  
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below the European average. At the end of the period, only in the richest region, Grande Lisboa, 
was income per capita above 75 per cent of the European average. Since the effect of different 
levels of education depends on the level of development of countries (or regions), and higher 
education matters for growth in OECD countries, which is in contrast with the less developed 
countries, where primary and secondary schooling are more important (Petrakis and Stamatakis, 
2002). The impact of higher levels of education on growth also increases as regions become 
closer to the technological frontier (Vandenbussche et al., 2006). The fact that Portugal is a 
technological “follower” may explain the lower effect of higher education in comparison with the 
secondary level. Another possible reason is the lack of science and technology degrees among the 
Portuguese higher education graduates, in comparison with other OECD countries
4, indeed at the 
national level, Pereira and St. Aubyn (2009) found no link between tertiary education and growth 
in Portugal over the period 1960-2001.  
 
5 Conclusions 
This work is the first contribution to evaluate the effect of human capital, as proxied by the level 
of educational attainment, on growth and convergence in the Portuguese NUT III regions over the 
period 1991-2008. The findings suggest a significant, positive role of human capital in reducing 
regional income per capita disparities. The results support the hypothesis that higher levels of 
education improved the regions’ ability to adopt new technology, which facilitated the catching 
up with the capital region, Grande Lisboa. There is empirical evidence of a positive impact of the 
average years of schooling on regional growth and convergence and mixed results are obtained 
when different levels of education are taken into account. Secondary and tertiary education has 
played a positive role in the process because the skills needed to adopt the new technologies are 
provided by higher levels of education.  
In the last three decades there has a been a large effort to spread higher education institutions 
across the Portuguese regions and the empirical results suggest a positive effect of this policy in 
the decrease of regional income per capita disparities. The stronger effect of secondary schooling 
in comparison with higher education might be due to the lack of Science and Technology degrees 
among the Portuguese graduates, therefore future investments on higher education should take 
into consideration the most relevant academic fields.  
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Figure 1 – “Norte” regions deviation from the annual national average growth rate 
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Figure 3 – “Alentejo” regions deviation from the annual national average growth rate 
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Table 1 – Number of schooling years 
Category  Level of education  Number of schooling years 
0 – No schooling or incomplete primary school  0 or below 4 
Primary  1 –  Complete primary school (1




2 –  Complete 2
nd cycle  6 
3 –  Complete 3
rd cycle  9 
4 –  Complete upper secondary school  12 
Tertiary 
5 –  Postsecondary Professional Training  13 
6 –  Lower higher education – Bacharelato  15 
7 –  Higher education  – Licenciatura  17 
  8 –  Postgraduate higher education  –  Masters  19 





























Table 2 – The regions’ main indicators 
Regions 
GDP pc 
(1.000 €)  
Average Education 
(No. Years) 
Production structure (%) 
Agriculture  Industry  Services 
  1991  2008  1991  2008  1991  2008  1991  2008  1991  2008 
Grande Lisboa  15.31  20.36  7.21  10.18  0.34  0.22  26.28  14.25  73.38  85.53 
Alentejo Litoral  11.48  19.56  5.47  8.33  17.52  9.46  54.63  51.16  27.85  39.38 
Grande Porto  10.77  12.62  6.08  9.24 1.25 0.71 40.98  24.06  57.76  75.22
Algarve  9.38  12.94  6.03  8.58  9.79  4.59  16.93  11.87  73.28  83.54 
Baixo Vouga  8.62  11.26  5.71  8.50  9.25  2.05  51.00  38.06  39.75  59.89 
Pinhal Litoral  8.24  12.54  5.62  8.61  5.21  2.06  47.74  36.16  47.05  61.78 
Ave  7.75  9.10  4.97  7.95  2.82  1.14  70.57  46.92  26.61  51.94 
Baixo Mondego  7.68  12.62  5.99  9.08  6.72  1.79  30.48  20.64  62.80  77.57 
Entre Douro Vouga  7.61  10.14  5.18  8.10  3.17  0.92  67.71  49.45  29.13  49.64 
Peninsula de Setubal  7.50  9.34  5.90  8.89  3.94  1.61  46.88  26.66  49.18  71.73 
Oeste  7.49  11.74  5.61  8.30  14.96  7.67  42.21  29.51  42.83  62.82 
Lesiria do Tejo  7.31  10.78  5.55  8.36  18.49  7.52  32.89  23.76  48.62  68.72 
Beira Interior Sul  7.12  10.86  5.62  8.60  13.27  5.31  31.09  20.32  55.64  74.36 
Medio Tejo  6.75  10.22  5.57  8.51  6.13  2.63  40.22  33.75  53.65  63.62 
Alto Alentejo  6.71  10.46  5.23  8.13  22.70  11.14  25.09  19.49  52.21  69.38 
Alentejo Central  6.51  10.38  4.97  8.50  19.84  7.20  24.17  17.14  55.98  75.66 
R.A. Madeira  6.46  15.97  5.71  8.44  5.31  2.18  21.56  15.78  73.13  82.04 
Douro  6.46  8.54  5.47  8.34  16.83  6.58  45.70  20.88  37.47  72.53 
R.A. Acores  6.39  11.10  5.87  8.16  13.83  9.37  24.11  16.67  62.06  73.96 
Baixo Alentejo  6.21  10.62  5.16  8.39  17.00  11.48  33.75  22.75  49.25  65.77 
Cavado  6.19  9.90  5.53  8.28  5.89  2.31  47.44  35.82  46.68  61.87 
Beira Interior Norte  6.16  8.62  5.59  8.46  17.89  3.13  22.30  17.99  59.81  78.89 
Cova da Beira  6.15  8.38  5.36  8.48  13.42  3.16  35.27  22.26  51.32  74.57 
Alto Tras-os-Montes  5.69  8.30  5.55  8.68  16.63  6.64  33.86  22.27  49.51  71.09 
Dao-Lafoes  5.52  8.70  5.57  8.62  13.60  3.86  31.40  28.53  55.00  67.61 
Pinhal Interior Sul  5.37  8.94  5.22  7.97  16.95  7.36  36.43  26.90  46.62  65.74 
Minho-Lima  5.34  7.90  5.56  8.33  9.88  2.41  33.70  28.99  56.42  68.60 
Pinhal Interior Norte  4.91  7.43  5.23  7.97  14.57  3.16  34.95  31.20  50.49  61.64 
Serra da Estrela  4.83  7.67  4.78  8.24 10.76 2.53 41.19  30.89  48.05  66.58
Tamega  4.27  7.35  4.80  7.48  9.60  1.39  52.79  42.63  37.61  55.98 














Table 3 - Average years of education  
Dependent variable: Change in relative GDP per capita ( ) t y ∆      
Regressors               GMM 1               GMM 2     
Diff  Sys  Diff  Sys  OLS  FE 
Constant  -  0.04 
(0.74) 
 










































































No. Instruments  50 
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Notes: t-statistics based on robust standard errors in brackets, except for the diagnostic tests which are the p-values. 
*, 
** and 

























Table 4 - Average years of primary education  
Dependent variable: Change in relative GDP per capita ( ) t y ∆      
Regressors                GMM 1                GMM 2     
Diff  Sys  Diff  Sys  OLS  FE 















































































No. Instruments  50  54  50  54     
 














   








   
Notes: t-statistics based on robust standard errors in brackets, except for the diagnostic tests which are the p-values. 
*, 
** and 
























Table 5 - Average years of secondary education   
Dependent variable: Change in relative GDP per capita ( ) t y ∆      
Regressors                     GMM 1                     GMM 2     
Diff  Sys  Diff  Sys  OLS  FE 

































































462  492  462  492  492  492 
No. Instruments  50 
 
54  50  54     









   








   
Notes: t-statistics based on robust standard errors in brackets, except for the diagnostic tests which are the p-values. 
*, 
** and 
























Table 6 - Average years of tertiary education   
Dependent variable: Change in relative GDP per capita ( ) t y ∆      
Regressors              GMM 1             GMM 2     
Diff  Sys  Diff  Sys  OLS  FE 


































































462  492  462  492  492  492 
No. Instruments  50  54  50  54 
 
   









   








   
Notes: t-statistics based on robust standard errors in brackets, except for the diagnostic tests which are the p-values. 
*, 
** and 
*** indicate statistical significance at 10%, 5% level and 1% level.   
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Table A1 – Regional human capital measured by the average years of total education 
Regions  1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2002 2003 2004 2005 2006 2007  2008 
Minho-Lima 5.56  5.75 5.91 6.13 6.24 6.35 6.54 6.75 6.91 7.00  7.32 7.46 7.64 7.92 8.05 8.18 8.33 
Cavado 5.53  5.62 5.61 5.93 6.04 6.17 6.31 6.45 6.63 6.84  7.14 7.33 7.50 7.69 7.91 8.13 8.28 
Ave  4.97  5.01 5.12 5.43 5.57 5.72 5.87 6.00 6.17 6.34  6.63 6.84 7.01 7.26 7.40 7.82 7.95 
Grande Porto 6.08  6.21 6.33 6.57 6.76 6.92 7.08 7.32 7.53 7.67  8.11 8.20 8.39 8.69 8.80 9.06 9.24 
Tamega 4.80  4.90 4.89 5.15 5.26 5.51 5.48 5.69 5.72 5.86  6.20 6.27 6.40 6.62 6.73 7.37 7.48 
Entre Douro e Vouga  5.18  5.30 5.33 5.51 5.65 5.77 5.93 6.10 6.24 6.44  6.71 6.92 7.08 7.40 7.53 7.98 8.10 
Douro 5.47  5.57 5.70 6.02 6.06 6.17 6.25 6.35 6.51 6.69  6.84 6.99 7.36 7.53 7.61 8.13 8.34 
Alto Tras-os-Montes  5.55  5.62 5.77 6.14 6.37 6.63 6.74 6.90 6.96 7.15  7.35 7.55 7.73 7.97 8.14 8.44 8.68 
Algarve 6.03  6.13 6.26 6.52 6.68 6.85 7.02 7.17 7.32 7.48  7.70 7.86 8.02 8.21 8.41 8.47 8.58 
Baixo Vouga 5.71  5.85 5.98 6.25 6.36 6.49 6.65 6.83 7.02 7.18  7.46 7.60 7.81 8.04 8.21 8.32 8.50 
Baixo Mondego 5.99  6.20 6.28 6.62 6.77 6.94 7.14 7.33 7.46 7.60  8.00 8.13 8.24 8.53 8.75 8.91 9.08 
Pinhal Litoral 5.62  5.74 5.89 6.19 6.34 6.57 6.74 6.94 7.09 7.30  7.58 7.77 7.92 8.10 8.22 8.47 8.61 
Pinhal Interior Norte  5.23  5.30 5.39 5.54 5.61 5.80 5.93 6.07 6.20 6.39  6.70 6.84 6.96 7.14 7.32 7.84 7.97 
Dao-Lafoes 5.57  5.61 5.75 6.07 6.16 6.36 6.50 6.61 6.77 6.97  7.36 7.49 7.64 7.88 8.08 8.39 8.62 
Pinhal Interior Sul  5.22  5.49 5.38 5.67 5.80 5.92 6.05 6.22 6.30 6.47  6.65 6.80 6.89 7.12 7.42 7.81 7.97 
Serra da Estrela 4.78  4.84 4.95 5.28 5.39 5.76 5.71 6.02 6.09 6.25  6.52 6.62 6.81 7.03 7.22 7.99 8.24 
Beira Interior Norte  5.59  5.71 5.76 6.03 6.24 6.43 6.56 6.56 6.74 6.95  7.18 7.39 7.59 7.77 7.97 8.34 8.46 
Beira Interior Sul 5.62  5.82 5.92 6.14 6.20 6.39 6.57 6.69 6.85 6.88  7.16 7.25 7.43 7.66 7.80 8.37 8.60 
Cova da Beira 5.36  5.46 5.57 5.84 5.94 6.08 6.24 6.34 6.46 6.71  7.00 7.24 7.64 7.83 8.00 8.31 8.48 
Oeste 5.61  5.72 5.88 6.10 6.28 6.48 6.68 6.85 6.98 7.11  7.32 7.46 7.58 7.79 7.93 8.17 8.30 
Medio Tejo 5.57  5.68 5.84 6.26 6.39 6.57 6.75 6.90 7.06 7.20  7.49 7.67 7.92 8.14 8.33 8.37 8.51
Grande Lisboa 7.21  7.36 7.52 7.86 8.08 8.23 8.44 8.68 8.88 9.03  9.22 9.42 9.54 9.74 9.86 10.00 10.18 
Peninsula de Setubal  5.90  6.12 6.26 6.74 6.93 7.18 7.32 7.55 7.65 7.74  8.16 8.37 8.45 8.64 8.79 8.81 8.89 
Alentejo Litoral 5.47  5.65 5.85 6.15 6.33 6.49 6.45 6.72 6.74 6.94  7.19 7.41 7.51 7.79 8.01 8.27 8.33 
Alto Alentejo 5.23  5.39 5.50 5.76 5.96 6.06 6.31 6.46 6.55 6.67  6.99 7.13 7.29 7.49 7.63 8.02 8.13 
Alentejo Central 4.97  5.24 5.38 5.81 5.99 6.15 6.27 6.45 6.65 6.82  7.22 7.40 7.60 7.78 7.92 8.25 8.50 
Baixo Alentejo 5.16  5.32 5.46 5.86 6.07 6.29 6.50 6.64 6.76 7.01  7.22 7.41 7.47 7.69 7.79 8.21 8.39 
Lesiria do Tejo 5.55  5.62 5.81 6.12 6.41 6.52 6.69 6.90 7.02 7.13  7.38 7.57 7.68 7.85 8.01 8.21 8.36 
R.A. Acores 5.87  5.95 6.00 6.29 6.35 6.45 6.52 6.66 6.79 6.86  7.26 7.35 7.41 7.57 7.67 7.94 8.16 
R.A. Madeira 5.71  5.76 5.90 6.25 6.43 6.57 6.71 6.79 6.97 7.21  7.47 7.67 7.80 7.92 8.13 8.34 8.44  
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Table A2 – Regional human capital measured by the average years of secondary education 
Regions  1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2002 2003 2004 2005 2006 2007 2008 
Minho-Lima 3.27  3.57 3.79 4.05 4.21 4.31 4.63 4.88 5.09 5.22  5.49 5.59 5.72 5.76 5.95 5.73 5.73 
Cavado 3.10  3.24 3.31 3.78 3.94 4.12 4.27 4.43 4.63 4.87  5.10 5.32 5.49 5.55 5.76 5.61 5.59 
Ave  2.42  2.58 2.72 2.97 3.12 3.38 3.52 3.67 3.89 4.11  4.46 4.66 4.85 5.01 5.24 5.52 5.52 
Grande Porto 3.41  3.57 3.68 3.91 4.10 4.27 4.40 4.60 4.77 4.90  5.20 5.27 5.42 5.49 5.64 5.66 5.64 
Tamega 2.08  2.28 2.35 2.69 2.84 3.17 3.23 3.40 3.51 3.68  4.08 4.20 4.37 4.46 4.63 5.27 5.30 
Entre Douro e Vouga  2.69  2.97 2.96 3.13 3.32 3.45 3.60 3.81 3.92 4.13  4.44 4.63 4.78 4.94 5.11 5.45 5.47 
Douro 2.74  2.86 3.04 3.47 3.51 3.61 3.63 3.73 3.92 4.15  4.33 4.39 4.77 4.60 4.82 5.48 5.48 
Alto Tras-os-Montes  2.94  3.11 3.19 3.75 3.94 4.30 4.38 4.54 4.62 4.75  4.87 5.12 5.30 5.26 5.49 5.69 5.69 
Algarve 3.76  3.90 4.05 4.37 4.53 4.73 4.90 5.05 5.21 5.34  5.53 5.69 5.83 5.94 6.12 5.98 5.97 
Baixo Vouga 3.26  3.44 3.62 3.93 4.06 4.14 4.35 4.49 4.62 4.78  4.96 5.08 5.25 5.33 5.48 5.48 5.49 
Baixo Mondego 3.42  3.67 3.76 4.10 4.32 4.45 4.65 4.80 4.90 5.01  5.22 5.40 5.44 5.67 5.82 5.70 5.65 
Pinhal Litoral 3.21  3.34 3.51 3.83 3.97 4.20 4.37 4.56 4.70 4.88  5.16 5.32 5.45 5.53 5.66 5.76 5.75 
Pinhal Interior Norte  2.44  2.52 2.67 2.86 3.04 3.27 3.43 3.58 3.74 3.95  4.22 4.40 4.54 4.70 4.88 5.54 5.57 
Dao-Lafoes 3.04  3.16 3.28 3.68 3.79 4.02 4.17 4.28 4.43 4.67  4.98 5.10 5.24 5.28 5.55 5.61 5.62 
Pinhal Interior Sul  2.52  2.80 2.65 3.16 3.24 3.41 3.56 3.77 3.83 4.13  4.34 4.51 4.62 4.83 5.16 5.65 5.68 
Serra da Estrela 1.92  2.00 2.18 2.50 2.63 2.99 2.89 3.09 3.28 3.36  3.55 3.80 4.02 4.19 4.32 5.54 5.73 
Beira Interior Norte  2.78  2.97 3.06 3.38 3.61 3.83 3.93 3.80 4.10 4.42  4.62 4.75 4.90 4.95 5.14 5.51 5.51 
Beira Interior Sul 3.29  3.51 3.64 3.80 3.81 3.97 4.12 4.21 4.47 4.45  4.69 4.74 4.87 5.04 5.16 5.85 5.83 
Cova da Beira 2.85  2.99 3.12 3.41 3.52 3.63 3.78 3.95 4.08 4.30  4.59 4.82 4.99 5.08 5.24 5.61 5.57 
Oeste 3.17  3.29 3.48 3.75 3.98 4.18 4.39 4.57 4.69 4.82  5.09 5.25 5.40 5.49 5.66 5.79 5.81 
Medio Tejo 3.07  3.20 3.38 3.88 4.01 4.26 4.48 4.67 4.84 4.95  5.26 5.40 5.58 5.65 5.75 5.86 5.86
Grande Lisboa 4.38  4.52 4.63 4.85 5.02 5.11 5.24 5.37 5.49 5.56  5.53 5.69 5.74 5.80 5.92 5.75 5.70 
Peninsula de Setubal  3.40  3.64 3.79 4.33 4.56 4.82 5.03 5.14 5.32 5.43  5.81 5.96 6.01 6.13 6.31 6.03 6.06 
Alentejo Litoral 3.11  3.24 3.38 3.80 4.01 4.19 4.10 4.37 4.48 4.66  4.76 5.12 5.27 5.31 5.62 5.84 5.84 
Alto Alentejo 2.90  3.08 3.22 3.36 3.58 3.67 3.91 4.04 4.14 4.35  4.64 4.70 4.77 4.99 5.12 5.60 5.59 
Alentejo Central 2.58  2.85 3.02 3.36 3.60 3.74 3.86 4.04 4.26 4.42  4.82 4.98 5.17 5.34 5.52 5.88 5.94 
Baixo Alentejo 2.63  2.78 2.93 3.34 3.59 3.85 3.99 4.18 4.32 4.51  4.78 4.98 5.00 5.16 5.32 5.65 5.71 
Lesiria do Tejo 3.05  3.14 3.34 3.69 4.02 4.12 4.35 4.48 4.61 4.72  5.02 5.21 5.31 5.43 5.61 5.79 5.78 
R.A. Acores 3.50  3.62 3.71 3.97 4.05 4.17 4.31 4.45 4.60 4.67  5.09 5.19 5.28 5.44 5.52 5.70 5.68 
R.A. Madeira 3.47  3.50 3.72 3.96 4.25 4.47 4.57 4.66 4.82 5.12  5.34 5.60 5.66 5.74 5.92 5.99 6.01  
27 
 
Table A3 – Regional human capital measured by the average years of tertiary education 
Regions  1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2002 2003 2004 2005 2006 2007 2008 
Minho-Lima 0.25  0.29 0.31 0.38 0.41 0.45 0.49 0.52 0.56 0.62  0.82 0.92 1.02 1.31 1.29 1.48 1.65 
Cavado 0.27  0.30 0.29 0.37 0.39 0.44 0.48 0.54 0.58 0.66  0.86 0.94 1.02 1.20 1.28 1.54 1.72 
Ave  0.21  0.22 0.22 0.31 0.34 0.36 0.42 0.46 0.50 0.57  0.68 0.79 0.87 1.03 1.03 1.26 1.41 
Grande Porto 0.66  0.71 0.77 0.88 0.94 1.02 1.10 1.24 1.34 1.42  1.76 1.81 1.93 2.23 2.24 2.57 2.79 
Tamega 0.11  0.12 0.12 0.16 0.18 0.25 0.21 0.33 0.31 0.37  0.52 0.53 0.57 0.76 0.75 0.99 1.09 
Entre Douro e Vouga  0.23  0.23 0.23 0.36 0.36 0.42 0.48 0.55 0.63 0.71  0.82 0.94 1.01 1.28 1.29 1.52 1.64 
Douro 0.32  0.34 0.40 0.49 0.53 0.54 0.61 0.66 0.69 0.83  0.95 1.08 1.22 1.53 1.46 1.70 1.94 
Alto Tras-os-Montes  0.25  0.26 0.34 0.41 0.52 0.56 0.63 0.70 0.73 0.88  1.09 1.15 1.21 1.56 1.56 1.84 2.12 
Algarve 0.38  0.37 0.39 0.43 0.47 0.51 0.58 0.65 0.70 0.81  0.96 1.07 1.15 1.30 1.37 1.62 1.76 
Baixo Vouga 0.46  0.49 0.51 0.58 0.61 0.70 0.75 0.85 0.96 1.04  1.25 1.35 1.48 1.70 1.76 1.95 2.14 
Baixo Mondego 0.59  0.63 0.65 0.80 0.81 0.89 0.98 1.09 1.16 1.25  1.61 1.64 1.74 1.90 2.05 2.35 2.59 
Pinhal Litoral 0.34  0.37 0.41 0.50 0.60 0.71 0.77 0.86 0.90 1.02  1.17 1.29 1.38 1.53 1.56 1.80 1.96 
Pinhal Interior Norte  0.26  0.29 0.33 0.37 0.33 0.37 0.42 0.46 0.49 0.59  0.78 0.85 0.90 1.02 1.08 1.28 1.40 
Dao-Lafoes 0.31  0.30 0.36 0.46 0.49 0.55 0.58 0.66 0.74 0.83  1.07 1.14 1.23 1.50 1.54 1.85 2.09 
Pinhal Interior Sul  0.24  0.36 0.33 0.32 0.37 0.43 0.44 0.48 0.53 0.54  0.64 0.71 0.75 0.89 0.94 1.14 1.28 
Serra da Estrela 0.19  0.19 0.19 0.34 0.36 0.47 0.49 0.65 0.63 0.76  0.96 0.96 1.02 1.16 1.24 1.46 1.55 
Beira Interior Norte  0.33  0.36 0.36 0.47 0.58 0.66 0.72 0.80 0.82 0.88  1.15 1.22 1.36 1.55 1.61 1.88 2.02 
Beira Interior Sul 0.26  0.31 0.33 0.45 0.48 0.57 0.64 0.70 0.68 0.76  1.00 1.07 1.20 1.33 1.40 1.62 1.88 
Cova da Beira 0.23  0.23 0.25 0.34 0.37 0.43 0.51 0.54 0.59 0.72  0.91 1.05 1.38 1.54 1.60 1.76 1.99 
Oeste 0.32  0.34 0.37 0.44 0.48 0.57 0.63 0.70 0.74 0.82  0.91 0.97 1.01 1.19 1.22 1.44 1.56 
Medio Tejo 0.35  0.38 0.41 0.50 0.55 0.58 0.62 0.67 0.73 0.84  0.98 1.09 1.27 1.48 1.62 1.59 1.74
Grande Lisboa 1.28  1.34 1.44 1.65 1.77 1.87 2.00 2.19 2.32 2.47  2.75 2.87 2.98 3.17 3.21 3.58 3.83 
Peninsula de Setubal  0.46  0.52 0.55 0.70 0.73 0.83 0.83 1.02 0.99 1.03  1.27 1.40 1.48 1.62 1.66 1.93 2.01 
Alentejo Litoral 0.44  0.51 0.62 0.56 0.59 0.60 0.61 0.74 0.72 0.77  0.98 0.99 1.00 1.30 1.31 1.53 1.59 
Alto Alentejo 0.25  0.27 0.28 0.41 0.46 0.49 0.57 0.67 0.68 0.69  0.88 0.99 1.14 1.21 1.27 1.45 1.59 
Alentejo Central 0.27  0.29 0.30 0.45 0.46 0.53 0.56 0.65 0.69 0.78  0.94 1.06 1.16 1.25 1.26 1.46 1.67 
Baixo Alentejo 0.33  0.38 0.39 0.46 0.48 0.56 0.71 0.73 0.73 0.95  1.04 1.11 1.18 1.32 1.32 1.64 1.78 
Lesiria do Tejo 0.36  0.37 0.41 0.50 0.57 0.64 0.66 0.81 0.85 0.93  1.04 1.16 1.21 1.30 1.32 1.48 1.67 
R.A. Acores 0.34  0.35 0.37 0.50 0.51 0.50 0.56 0.57 0.59 0.65  0.84 0.88 0.90 0.99 1.05 1.27 1.54 
R.A. Madeira 0.30  0.33 0.34 0.42 0.43 0.49 0.55 0.58 0.66 0.73  0.88 0.93 1.06 1.15 1.22 1.44 1.54  
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